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NORTHAMPTON DIKE

PERTINENT DATA

Location +« Connectiout River, Northampton, Massachusetts.
Area Protected 0.46 sqemi.
Limits of dike design and  8ta., 0+00 ta 36+00
of contract Ste. 39+50 to L9+30

Elevations {above mean sea level)

Top of dike (Sta. 0+00) 132,5
Top of dike (Sta. 30+00) 132,0.
Top of dike (Sta. L9+30)} 132,0

Embanliament (Sta. 0+00 to 36+00 ond
T Sta. 39+50 to L9+30)

Total length of dike on contract L,580 ft.
Total impervious £ill L2,800 cu.yds.
Total pervious and random £ill 173,500 cu.yds,
Total sheet piling 9,200 sqga ft.
Total riprap (hand placed) 2,300 cu.yds.
Total gravel bedding 2,650 cu.yds.

Total topsoil 1,100 cu.yds.
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I. INTRODUCTION

A,  AUTHORIZATION AND PAST REPORTS. - The HMorthampton dike project

is authorized under the Flood Control Act approved June 28, 1938. It is
a part of the Comnecticut River flood contrel plan recommended by the
Distriot Engineer in "“Report of Survey and Comprehensive Plan for Flood
Control in ‘the Connecticut River Valley," dated March 20, 1937, approved
by the Chief of Engineers, November 29, 1937 and published as House
Document No. 455, 75th Congress, 2nd Session.

Be BRIEF DESCRIPIION OF DIEKE AND APPURTENANT STRUCTURES. - The

"Fiscal Year 1939 Section" Item N 2 covered by this analysis will consist
of an earth dike /;580+ feet long between dike Stations 0+00 and [j9+30

with e maximum height of 23 feet. There are two secondary road ramps

over the dike; a Boston and Maine Railroad stop~log gate and United States
Noe 5 Highway stop-log gate., A secltion of dike ecross Mill River betwsen
Stations 36+00 and 39+50 will be omitted from construction for the presents
The storm and sanitary sewage of the City of FNorthampton now empties

into Mill River. The City propbses to eonstruct anrinterceptor sewer

in the bed of the Mill River. It will extend down Mill River, under the
omitted dike section across Mill River and thence to the Connecticut River
and will be approzimetely 9,000 feet long, Preliminary desipgn of this

sewer by the City of Northamplon is in progress.
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IT. SELECTION OF SITH

A. GENERAL LOCATIONa = The "Fiscal Year 1939 Section” project is

located in the southeast portion of the City of Northemplbon on an

elluvial flood plain approximately 5,000 feet from the western edge of
the Comneecticut River channel in i%ts normal stage height. The dike begins
at the intersection of Pomeroy Terrace and Iancock Street and proceeds
southeast across Meadow Street, thence southwest across Hockanum Road

end Mill River to the Boston and Maine Railroad tracks and thence slong
the existing dike to high ground approximately 500 feet west of The inteprw
section of United States Noe 5 Highwsy and the existing dike.

B, ALINEMENT. = The alinement of the dike was determined with

regard to the topography, protection afforded and by econcmie studics.
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I1I. GEOLOGICAL INVESTIGATIONS

A, NATURE OF VALLEY, =~ The dike is located over the middle portion
of a broad, deeply buried pre-glaoaal rock valleye Glacial deposits exbend
into the valley on the west side, foérming the relatively higher ground on
which the City of Northampbon is situebed. The broad comparatively flat
valley bottom lying to the east is the result both of river erosion and
depositions During the Glacial Period, the wvalley was transformed into
an extensive glacial lake, in which large quantities of glacial silt were
depositeds The lowest extent of this formation is not certain, but its
ocourrence at en elevation near sea level has been proven. Similar deposits
occur, as erosional remmanbs, on the west side of the vﬁlley, well above
the present valley floores The Comnecticut River during more recent geologic
time has laterally extended its erosion of the valley until the present
valley floor is about 2 miles widee The river is now slightly entrenched
in broad meanders, the banks of which are not sufficiently high to restrain
the river during high water. As a result the stream periodically overflows
its banks and deposits additional sediment on the flood plain,

B. METHOD AND EXTENT OF BEXPLORATIONS. - Subsurface explorations

were scoomplished by means of wash borings, auger borings, and test pits.
Investigations by wash borings, utilizing drive sampling methods were
made to determine the cheracber and thickness df overburden forming the
dike foundations, Soil samples of 1=1/2 inch dismeter were frequently
obtained, in some cases conbinuously, by means of stendard sampling
equipmentes In addition one larger boring wes completed for the purpose
of obtaining brT/B inch diameter undisturbed samples, Another similar

boring is now underway. These are outside the limits of this portion of
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the work and are for ube in designing the diversion chammel for Mill
River. Auger borings and test pits were used for both foundation and
borrow investigations. The location of foundation explorations isshown
on Plate Woes 2 titled "Svbsurface Explorations" and thé records are shown
#n Plate Noe 3 titled "Record of Subsurface Txplorationse"

Ce SITE. = The dike is lecated om the westerly side of the wvalley

where the flood plain of the Connecticut River contacts moderately highor
ground, The Mill River northwest of the proposed dike is fairly well
entrenchicd in this highor ground. Dowmstroam of this point, however, it
is entrenched in its ewn flood plain deposit and those of the Connocctiout
River, IFreguent floods havo doposited alluvial sands and silts, forming
g corbinuous fine texbured soil mantle which cavefs the much older
glacio-fluvial deposits, The constituents of this mantle generally wvary
in texture from medium and fine sand, sadjacent to the Connecticut and
Mill Rivers, to medium and fine silt, some distance back from the rivers,
The geologic section, shown on Plate No. U indicates a comparaw
tively uniform distribution of alluvial and glecio=alluvial materials,
throughout the foundations. Three distinet groupings of stratification
are shown, the most prominently developed strate being the lowermost
interbedded glaciel silt and clay strata (chiefly Classes 10, 10C, 12 and
12¢}e The thickmess of this formetion is greet, as proven by two bore
holes, one of which was carried into the deposit for a depth exceeding
65 feet without radieal change of material, This formation is unquestion-
ably of pglacial origin, conforming in all respects to the characteristics
of o glacial lake deposit. Sand strata are prominently developed between

the alluviel silts (Classes 8, 10, 11, and 13) previously mentioned, and
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the extensive glacial silt strata. Fine send (Class 6) lies immediately
below the flood plain silts and immediabtely above medium and coarsesand

and gravel (Classes 2, li, and 5)s The £ill section shown extending from
the right bank of the Mill River to the end of the proposéd construction
is a previously constructed earth embankment. The foundation conditions
in this stretch are similar to those elgewherce.

D. NATURE OF EXCAVATIONS., - Excavations, exclusive of those required

for embankment materials, will be made for toe trenches and for stripping
of topsoil throughout the foundation areas. Additional excavations will
be required for footings at stop-log structuress Flood plain silts
(Classes 8, 10, and 11) will be removed to an aversge depth of 5 feet in
the construction of the ingpection trench and impervious toe. Excavations
for the landside toe drains will be made in similar materials, the depth
of-cut varying from about 2 feet to & foot, One stop-log structure will
be lecated inm an old railroad embankment, and another in a highway
embenkment, Investigetions indicate that required excavations for these
structures will be made in several types of granular material ranging
from Class 2 to Class 9,

K. SUBSURFACE LEAXAGE. - The wide flood plain extending between

the dike and the Conmecticut River, forming a relatively impervious
natural blanket of Classes 8, 10, and 11, will prevent any marked seepage
through the foundationse This condition is sure to hold even though

the pervious formations, beneath this natural blanket, extend to the
Connecticut River and contact tho coarser river sediments. Breaks in the
natural impervious blenket, due to erosion dwing floods, have becen

noticed, Howover, these do not ocour closs enough to the dike to seriously
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affect the seepage path in the foundation. Seepage passing through the
natural blanket on the riverside before emergence will be forced to break
through a similar blanket on the landsides In the immediate vicinity of
the dike such seepage will be intercepted by the rock toe draine
Eound&tion treatment to prevent subsurface leakage in the section ad-

jacent to the Mill River is not a part of the work proposed here.
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IV, HYDRAULIC DESIGN

A, DESIGN FLOOD., - The design flood on which the dilke grade 1s

based, is the'maximum.predioted flood reduced by the 20 resgervoirs ineluded
in the Comprehensive Plan. The determination of the maximum predicted
flood is discussed on Appendix 1 of "The Report of Survey and Comprehensive
Plan for the Connectiocut River" dated March 20, 1937. It has a peak
discharge at Northempton of 304,000 c.f.s., approximetely 20 per cent
greater than the maximum f£lood of records. The following table lists the

adopted grades for the top of the earth dike.

DESIGN GRADES

How
Dike  Roport Dike - Dike
Loeation Type  Station Station Grade
High grownd, Pomeroy Terrace  Earth 0+60 0+00 132.5
North of Hockanum Road " 28+65 30+00 13%2,0
High ground, cnd of oxist-
ing dike " 128+22 Lo+30  132,0

Note: Earth dike grade varics uniformly
between dike stations 0+00 and 30+00

B, FREEBOARD, = The freebosrd for the earth dike is 5 feet snd for
concrete walls, 3 feet, as recommended by the Board of Dngineers for
Rivers and Harbors,

Ca LOCAL CONDITIONS. - During flood periods the Connecticut River,

"in addition to its main channel, flows over the local flood plain, The
ground elevations of this flood plein vary from approximately 110.0 to
118,0 mean sea level. During the major flood of 1936, the slevation of
the flood water was about 129,/ mean see level, which overtopped an
existing dike by about 5 feets The effect of the proposed dikes in

raising the water surface elevation during floods will be negligible since
the dikes encroach but slightly on the flood plain.

..."'r‘....
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V. LABORATORY AND FIELD INVESTIGATION OF SOILS

A, CLASSIFICATION OF MATERIALS. - Soils, based on grain sizes,

have been classified into 16 classes and are shown graphically on Plate
Noe 7 and deseribed in Table No. 1 on the following pages Soils of
uniform texture are designated by even numbers, soils of variable texture
by odd numbers and grain sizes of materials follow the My I, T. classifi~
cation except that the size demarcation between silt and coarse clay is
not 0,002 mm, but varies from 0,006 mme to 0,0006 mm,

B. GRAIN SIZE ANALYSIS., ~ Grain size ourves of samples have been

obtained from sieve and hydrometer analysis and the soil classifieds
Sedimentary units of soil were grouped and drawn up as shown on Plate
Noe L titled "Geologic Section,!

C. WATER CONTENT AND VOID RATIO. - The water content and woid

ratio of the materials in its natural state from the proposed dike
foundations and borrow areas have been determined.

D, PERMEABILITIES. ~ Permeability values have been determined for

each class of overburden meterial and the range limits have been

tabulated in Table llos 2 on page 10.
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b TABLE-KO; if75

T e ik e skl bl

CLASS &

. DESCRIPTION OF MATERIAL

Cloan _Gra;vél.__“ ~ Contains -l;iiﬁtl_é coarse to medium sand.
& , Um; orm Coarse bo . h@dlum Sanu. - Con‘talns llutle gr-'-w.vel and'
s J.i.ne sand. ' '.
5 ariable < Craded from Gravel to Wediw Szmd. -~ Contains
' . T 1ittle fine sand.
L + Tniform Medium to Fine Sande = Gontalns' l:.ttle coarse sand
H and coarse silt,
5 Variable = Graded from Cravol to Fine Sand. - Contains
, 1ittle coarse silt, _
6 : Uniform Fine Sand to Coarse Silt. - Contains little medium
i sand and medium silt,
7 . Voriable - Graded from Gravel to Coarse Silt, = Contains
. little mediuwm silty
8 : Uniform Coarse to Medium Sllt. ~ Conbtains 1ithle Tine sand
: and Tine silt, _
9 : Vam.able - Graded Prom’ G-ravel 'bo Medlum Sll'i:. - Contalns
o ittle fine silty 7 -
16 : Uanorm Fedium to Fine Sll‘L. - ConLam.;, ll“l,tle coarse s:.lt
S and coarse cley. Possossos behamor characteristics of silt,
10 ¢ ¢ Uniform Medium Silt to.Coarse Claye - Contains little coarse
oo st and medivm clay, © Possesses behavior charscteristics of clay
T ET Varlable ~ Graded fyom Gravel or:Copnse Send %o Fine S:Ll‘b.
' S .Containg 1ittle. Goarse 6Llaye. . . ..o e e
12 Uniforn Fine $i1¥ te Mediym Clay,” = Contains Tittle medium
: ' 8idt and fine clay. (collolds). JPossesses. behavior charac=
: - beristics of -gilte S S SRR
26 .Uﬂlfom Glsye = Conbains Little sz.lt. P_Q.s_s_e_sﬁe-‘s._,b@myipx. e
: . charact,ertstlcs of clay. T e A
LAE :’_.iVa.rlable.,-‘ Graded "from Coarse Sand Lo Cla};. = Conbains..
P 1ittle Pine: clay (collolds}s -~ Possosseg behavior charaoe
¢ " 'toristies of s:t.lt.
130 F:g Verisble Cls_y. ~: Graded frow send to- fine clay .(colloids)e

P l“osq%asses hehaw.or. characﬁerlstlcs of‘ clay.




TABLE NO, 2

n

: H '
General Type: Class : Coefficient of Permeability

$ ik x 10=l ome/sece i X x 10=4 Tt./mine
Uniform ¢ 2 + 120 to LOO v 2l0 to 800

L s 20 to 120 : Lo to 240

v 6 3 5+to 20 s 10 to Lo

: 8 : Lto 5 : 2 to 10

110 or 10C 0.1 to 1 : 042 to 2

112 or12C:  Less than 0.1 : Less than 042
Variable 1 : Greater than 1000 : Greater than 2000

- : 3 : 200 to 1000 : LOO to 2000

: 5 : 50 0 200 : 100 o L0O

t 7 : 15 to 50 t 20 to 100

' 9 : 3 %0 15 s 6 to 30

s+ 11 : 0.2 to 3 : O.l1 o

1% or 13C Less than 0.2

-

Less than Oulp

B, SHEAR AND CCHESION. = Shear tests have been made on materials

from the proposed dike foundations and on borrow area materials for use
in the pervious and impervious sections of the dike,

F. COMPACTION, = Compaction tests based on the Proctor analysis

-

procedure have been made on pervious and impervious embankment materialse.
The results have been tabulated and are showm on Plate No. 8,

Ga COMPRESSTBILITYe = There will be but little sebtlement and no

lateral displacement wnder the dike.
H., OTHER TESTSe =~ Other tests inelude Atterberg limits; extraction
of solubility and specific gravity.

J. BORROW AREAS, = Providing materials of suiteble quality for

embankment construction, within economie hauvling distance, has been &
major difficultye The typical embankment section shown on Plate Noe. 11
is a direct result of geological conditions. Pervious materials near the
site occur at a prohibifive depth, generally below the waber table,

Impervious materials are abundantly developed in glaciel deposits in the

higher grounds flanking the west side of the valley. Similarly, impervious
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meterials of river origin occour in a widespread formation in the.upper
part of the valley overburden, These impervious materials have a natural
water content which, from a workability standpoint, prohibits their use
unless ahsolubely neCessarys Near the Connecticul and Mill Rivers,
however, the upper portion of the valley overburden is predominantly a fine
sande The bulk of this material is not sufficiently impervious for use
in impervious blanket construction. Also, it 1s not sufficlently free
draining for use in pervious embarkment constructions As a result of
these geologic conditions, the standard typical dike section adopted in
the Providence District, has been modified to include three embankment
units (impervious blanket, pervious section and random £ill) instead of
only two units (impervious end pervious)s Utilizing materials, available
from areas near the dike, will contribube bowards more economical
construction.

Selection of the three borrow areas J, Ke and Mp, shown on
Plate No, 5 entitled "Borrow Areas" is based on extensive field and
laboratory investigations. The permissible gource of pervious materilals
is Borrow Area Ke The deposits in this area, located at a distance
of about % miles, are composed predominently of sand (chiefly Class 2).
A large supply is available.

Borrow Area M,, the only source for random embanlment materials
and also a principal source of impervious materials, is located at a
distance of about 0,9 miles, From an economic point of view it is
desirable to obtain all of the impervious materials from this area. The
overburden to a depth of about 845 feet is composed of two types (1) a

fine send conbaining coarse to medium silt, and (2) a fine sand with less
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silt, grading to a medium sand, The distinction between these two is not
readily apparent unless such distinotion is based on grain size analyses

and inspection. In the Providence Soil Classification the former soll

is clagsed as a Class 6-8; meaning that the lower part of the grain size
curve ig in the Class 8 range, while the upper part is in the Class 6

range, Incldentally, this soil is considered to be the coarsest tolerable
1imi%t of suitable lmpervious material., The other type of material, intended
for use in random embankment construction, ranges bebtween Class 6 and

Class 6-lj. The more impervious type occurs in the uppermost portions of

the overburden, between average depths of 0,5 feet and 3.0 feet.

The ratio of occurrence within Area M, of Class 6~8 and better
material to Classes & and 6-l; is about 3 to 8."

The natural moisture contents of random materials, dve to their
coarse texture, do not present much of a construction problem. The types
intended for impervious blanket construction, however, have a moisture
content slightly above that necessary for satisfactory compaction., If
high water should flood the borrow arca some time during construetion,
resulting in even higher moisture contents, difficulty may be experienced
in placing impervious materials and obtaining the desired compaction. For
such a contingency another source of impervious materials, Borrow Aree J,
located at a distance of 2.7 miles, is being made available. The deposit-
consists essentially of interstratified Classes 8, 10, and 12 which ocecur
beneath an overburden varying in thickness from 1 foot to 7 feet, This
overburden is suitable for random embankment construction but, due to large -
available random materials in Area Mo, will be spoiled at the pit.

Mechanical analysis ourves of typical samples of materials
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encountered in the proposed borrow areas are shown on Plate No. 6. Amounts

of materials available and their suitability are sumerized in Table To. 3.

* . . < . . .
It is intended to exercise close supervision and inspection in the

borrow pit for properly selecting impervious and random materials.

_]_3...
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TABLE HO, 3

BORRON MATERIALS AVATLABIE

: : Volume : Volume : : Test Date Indicating Suitabllity
Borrow: Occurrence :Availsble:Required: Intended : Classi- :Wafer UContent :Fermeability:Remarks
Area : cU.ydS. : cu.yds.: Use :Pication :Natnrsl:Op’cimwn:bclO"4m/sec,:
J  :Varies-average : 34,000 : (A) :Impervious Inter- : 334 : 23.6%: 0.1 - 1.0 :Spoiling
:between depth of & : : Blanke? sshratified : : : tof 8500 o
:4 £, and 18 £t.: : :Classes §: : :yds. over-
: : :10, and 12 : : sburden
: : z d : INeCcessary
X .Varies-average . 65,000+ , 42,600 . Pervious .Class 2 ; 5.5% ; Nome , 120 - 400
:between depth df : : ; Section : : : :
11508 and B30 0L : : s : :
Mo :Varies-averasge : 31,000+ : (a) :Impervious : Class : 224 1 15.4%: 2 - 10 :
:between depth of : (B) : : Blanket 5-8 : (av.): 3 :
:0.500% and 3a5 16 ¢ : : : : :
M, :Veries-average : 81,500+ ;150,200 ; Rendom : Class 6 : 17% ; 14.2%: 5 - 20
:between depthof :  (B) Section :

13,075, and 8,54

ax as 00

: and 6-4 :

(av.):

(A} - Total volume of impervious required - 42,800 cu. yds,

{B) - Additional quantity available in immediately adjacent aress.
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VI. DIKE DESIGN CRITERIA AWD GENERAL DESIGN

The Northampton embankment section calls for a large section of
random material to be covered om the riverside by a blanket of impervious
material, and on the landside by a ssction of pervious free-draining meterisl.
Genersl design criteria for the Worthampbon Dike include safety, stability
and reduction of seepage and are as follows:

(1) The crest of the dike is at such & grade thalt overtopping
at design flood and by wave action is eliminated.

(2) 2. The slopes of the dike ére such that thoy will be
gtable under all conditions.

be For the Horthampton dike sccotions between 10 to 20 feet
in height a waterside slope of 1 on % and & landside slope of 1 on 2-1/7
are requireds The slopes for dike sections greater than 20 feet in height
are 1 on 3 for both sides, After a study of the flow of flood waters in
the river, 12-inch hand placed riprap over a 6-inch gravel bed was required
over critical areas to prevent secour,

(3} &« The line of saturation is well within the landside toe.
be The dike is designed for a fairly low line of saturation
and analysing the Worthampton dike sections, the flood water will seep
very slowly through the impervious blanket of low permeability to the
random and pervious sections where, because of a somewhat greater perme-
ability, together with the influence of the rock toe drain, the line of
saturation will drop below the landside toe.

(L) Seepage and surface run-off behind the dike are collected

by the rock toe drain and existing catch basins. Since the dike throughout
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is founded on scoil, seepage through the foundation will not be excessive
owing to theVB—foot depth cvt-off of impervious material and to natural
foundation soil materials of low permeabllity. Such sespage through the
foundation or dike as may occur will heve a very low velocity and will be
collected by ¥he rock toe draine. The rock toe drain is connected to
existing sewers which in turn will empty into the intercepting sewer which
the City of Northampton propcses to construct in the bed of Mill River,
(%e Paragraph Section I B.,) Future construction calls for the ersction of
a pumping station, whieh will force the discharge of the interceptor sewer
during flood periods through a concrete conduit under the omitted section
of the dike, between Stetions %6400 and Z9+50,

(5) There is no possibility for frec passage of water from
riverside to the landside., All pipes, conduits, ete. are either removed
from wnder the dike or encircled with seep rings to prevent free seepage
along their surfaces,

(6) WMo materiasl soluble in water is used in any part of the
dike and soils laboratory tests have heen made of borrow area materials
for solubility. (See Paragraph V H.)

(7} The foundation under the dike is sufficiently stable to
resist stresses due to the embanlament losd. (See Paragraph V G.)

(8) Where the dike crosses existing roads, ramps of adequate
widths and proper pgrades are provided for traffic over the dikes The ramps
which are nearly perpendicular to the center line of the dike, will be
built of random material with cross-sectional slopes of 1 on 1—1/2 on the
landside of the dike ﬁnd, because of the saturated condition of the riverside

ramp immediately following floods, with cross-sectional slopes of 1 on 2.
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VII. STRUCTURAL DESIGHN

Ae GENERAL. - Included in the Fiscal Year 1939 Section of the
Northampton Dike are two reinforced concrete stop-log structures, one to
permit the Boston and Maine Railroad to pass through the dike at Station
L2+h1t, and the other to allow the passage of United States Highway Noe 5
through the dike at Station L/1+55+. Each structure consists of two
retaining walls, placed parallel to the direction of travel, and a barrier
of stop-logs supported in vertical grooves in the faces of the retaining
walls,

The rebtaining walls are of two types, dependent upon their height.
The shorter {(highway) is of the cantilever type, the higher (railroad) of
the counterfort type. Three seep rings are provided on the dikeside of
each wall to prevent excessive seepage or piping along the face of the
concrete,

The clear distence between faces of the retaining walls is too
great to permit the use of single span logs of a practicable size, A
center support (or supports) in the form of a detachable bracket on "a"
frame is provided which reduces the barrier to two simple boams for the
railroad crossing; two frames will be used for the highway crossing. This
reduces the depth and length of the logs to a size which can be handled
easily. These supports arc built of structural steel members and each
has its own concrete foundation.

A concrete cap for the sheet piling forms the sill upon which
the 1pwest logs resf, providing a joint between logs and base comparable
to the joint between logs. In the case of the highway structure, the

entire width of the sill is made level with the highway surface.
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For the railroad structure, a width of concrete equal to the
width of the logs is brought to an elevation two (&%) inches below the base
of rail, and the remaining width of sill is twenty (20"} inches below base
of rail, to allow sufficient ballast to reduce impact stresses. In time
of flood, the rails and ballast will be removed to permit placing the
bottom log directly on the sill,

The prineipal load upon the retaining wall is the horizontal
earth pressure when the river is down; that upon the barrier is the
horizontal water pressure in time of flood.

For complete details concerning the Boston and Maine Railroad
Stop-Log Structure see Plate Ho. 1.

For complete detalls concerning the United States Highway io. 5
Stop-Log Structure see Plate No. 15,

B. SPECIFICATIONS FOR STRUCTURAL DESIGN

(1) General. - The structural design of the flood wall has
been executed, in general, in accordance with standard practice., The
specifications which follow cover the conditions affecting the design
for stability and for reinforced concrete,

(2) Unit Weights. - The following unit weights for materials

were assumed in the design of the struecture:

Water 62.5 pounds per cubic foot
Dry earth 100 " " " N
Saturated earth 125 " N # "
Concrete 150 " " " "
Steel 1_190 ] 1 I ”
Timber 5 O L 1" i ]

(3) Barth pressures. - In computing active earth pressures,

equivalent fluid pressures computed by the use of Rankine's formula were
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useds They are as follows:

Earth, dry, equivalent liquid loading = 25 pounds per cubie foot.
Barth, saturated, " H " =80 " f n t

Tn computing passive resistances, Rankine's formula was used
with the coefficient of internal friction = 30 depress,

{}}) tydrostatic Uplift. - Hydrostatic uplift on the base bas

been assumed as wniform over the entire base and egual to the elevation
of tailwater above Lhe base.

(5) Overturning., - The resultant of all external loads,
ineluding hydrostatic uplift and excluding base’pressuro, shaell fall
within the middle third for all loasding conditions.

(6) ' §liding. - The total horizontal forces due to externsl
loads shall not exceed the resisf&nce available from friction and passive
resistance, The coefficient of friction to be used in such computations
is O.h5.

(7) Bearing. - The total bearing pressure, equal to the sum

- of hydrostatic pressure plus the remaining effective base pressure,
shall not exceed the maximum allowable base pressure of 1,000 pounds per
square foot which was debermined by the District Soils Laboratory.

(8) frost Cover. - All footing bases shall lie at least l; feet
beneath the surface of the ground to avoid heaving by frost action.

{(9) Path of Creep., - Vhen using a sheet pile cut-off without

a filter, the minimum path of creep shall be five (5) times the difference
in elevation of headwater and tailwater., The path of oreep is defined
as the perimeter of the structure lying below and between the earth surfaces

on the two sides of the wall.
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(10) Reinforced Conerete. - In general, the design of the

reinforced concrete was in accordance with the recommendations of the
Joint Committee and the American Concrete Institute, OSpecifiecally, the
working stresses are as follows:

a, Ultimate Strength., - The allowable working stresses

in concrete are based on an average ulitimate compressive strength of
3,400 pounds per square inch in 28 days.

be Flexure. - Extreme fiber stress in compression = 800

heve

pounds per square inch.

Ca Sheqz.

Without special anchorage = 60 pounds per square inch,
With special anchorage g0 " " " u

B

de Bond.

— pmiom et

Without special anchorage = 100 pounds per square inch,
Viith special anchorage 200 " " K "

U

e, Embedment,
Minimum embedment to develop bond = L0 diameters.

fs Ratio of Modulil of Elasticity.

Es/Ec = n = 12

g Protective Concrete Covering.

in lower face of footings = ]| inches.
Other than in lower face of footings = 3 inches.

he Temperature Steel. ~ NMinimum steel in any exposed face

is B/B“d bars spaced one foot on centers,

(11) Reinforeing Steel. - The steel assumed to be uscd is new

billet steel, intermediate grade, deformed bars. 'The effective cross~

sectional areas are btaken as neb, and the working stress used is as follows:

Tension, main steel = 18,000 pounds per square inch,
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(12) Structural Steel. - The design of the steel structures

has been governed by the Standard Specifications for Steel Construction
of the American Institute of Steel Construction., Maximum allowable unit
working stresses are as follows:

a. Flexure (tension or compression) = 18,000 pounds
per square inch.

be Shear = 12,000 pounds per square inch,
(13) Timber, - The structural timber to be used is select
White Osk, surfaced four sides, and creosoted. The maximum allowable
working stresses used are high, due to intermittent use and to the

probability of support by sandbags. They are as follows:

8. Flexure (tension or compression) 1,750 pounds per
~ square inch,

be Shear (parallel to grain) 156 pounds per square inch.

ce Boearing (perpendicular to graein) 265 pounds per
~  square inch,

Ce BASIC ASSUMPTIONS FOR DESIGN.

(1) Loadings. - In general, each member is to be designed to
resist the most unfavorable combination of losdings in every direction,.
The assumed river high water elevation is 132,03 that of the tailwater
12Lh.0, The crest of the dike is at elevation 132.0 with a berm of 10 fest,
The riverside slope ig 1 vertical to 2.5 horizontal, the landside siope
1 vertical to 2.horizontal. The principal load on the walls 1s due to
active earth pressure and the secondary lecad is due to the pressure of
the water on the stop-log barrier,

(2) Highway Structure. - The stem and base of the highway

stop-lepg walls were desipgned as simple cantilever beams fixed at the
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intersection of wall and base. The principal load on the vertical stem

is the horizontal pressure from the earth dike and the prinecipal load on
the base slab is the difference between the weights scting down and the

hydrostatic and bearing pressures acting up.

(3) Railroad Structure.

a. Struetural Aetion, - Adventage was taken of the seep

rings by reinforcing them to act as counterforts. The slabs between seep
rings were designed by assuming beam action between the counterforts and
reinforecing as such. The restraint offered by The sheet piling to both
horizontal and vertical loads is neglected, as is the thrust which can be
developed in the sill to resist overturning of the walls by carth pressures.
The stability of the walls as a whole is amalyzed, due to the irregularity
of their shape.

b, ¥all Stem, - The stem is designed to carry the

—

differential load due Lo earth pressure to the counterforts by beam action,
The effect of continuity and restraint is represented by an arbitrary
increase of the maximum moment to wL2/10 in the center spans. The end
spans are considered as canbtilevers whose load is distributed in part to
the base and in part to the counterfort.

Ce Base Slabs - The load on the base is the difference
between the weights down and the bearing pressures up. The design of the
dikeside of the base is similer Yo that of the walls. The railroad side
of the base is desipgned as a simple cantilever supporied at the wall.

4. Seep Rings. - Sufficient reinforcing steel is placed
in the seep rings to cafry the tensile load transferred to themrby the

walls,
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() Stop-Logs. - The load on the stop-logs is due to the head
of the river water, They are designed as simple beams supported at the
wall by a special groove and at the other support by a steel bracket.

(5) Bracket. - The load on the bracket is transferred to it
by the stop-log barrier. The bracket itself is designed as an "A" frame,
to resist the direct load and the overturning moﬁent. The bracket is
s0 connected that its parts can be easily handled and gquickly set in place.

Hoists are provided to facilitate the handling of the stop-logs.



VIII. CONSTRUCTION PROCEDURE



VIII, CONSTRUCTION PROCEDURE

A,  FIELD OPERATIONS. - Assuming that the contract for the work will

be let on or before May 20, 1939, and construction will commence on June lst,
it is contemplated that the work will be completed by December 10, 19395
in one consbruction season.

The following tabulation presents a proposed time limit of
operations:

CONSTRUCTION PROGRAM

ime Limwit : No.of : Daily
1of Operations:Working:Rate of

Designation , Quantity :{(Calendar : Days : Con-
: Year 193%9) : : struction
Preparation of site : ‘dme 1-Junels Y10 Y --
Excavation {15,000 cuy. dmeS-auge5 L0 T 37k ey,
Placing of steel sheet : 9,200 s.f.ifme20-July : 20 :  L6O s.f,
piling : 3 20 ¢ :

Placing of ecmbankment . 217,000 c.y..dmo 80-Nov.20, 100 . 2,170 c,y.

Concrete in stop-log f Ll c.y.fJune A - f Lo f 10 cove
structure ) ‘September 1 ° :

Riprap 2,300 ceyelAugl0-NowD P 60 ¢ LO ey

Placing of topsoil i 1,100 eyt Ry 20-Nove20 ¢ 80 i 160 ceye

Placing of gravel bedding; 2,650 c.y.;dukya)éMmRED; 80 ; 35 CeYe

B. INSPECTION AND TESTS. - The usual field inspection of all

portions of the comstruection work will be made, Progress reports including
log of work accomplished amd of the number of workers on the job will be
kept,.

Field and laboratory tests of embankment materials, concrete
and other materiale will be made in order to control the quality of -the

work,
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IX, SUMMARY OF COSTS

The total estimated construction cost of the Northampton Dike
is $22,,000, including 10% for contingencies and 15% for engineering and

overhead, and is distributed as follows:

8o Embankment $154, 700
be Reinforced Concrete 11,500
¢. Drainage 11,400
de Steel sheet piling 22,500
&« Riprep, hand placed 21,000
f, Wiscellaneous 2,900

Total seel, 000
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LPPENDIX "A"

SECTION "a"

STRUCTURAL COMPUTATIONS FOR BOSTON AND MAINE RAILROAD

STOP-L.0G SYRUCTURE AT HORTHAMPTON, MASS.
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™M= *g:(zwr‘“”o) = -%—L(Zf 52541360)= 1660 % 12 30" *

Dﬂ
As"‘ MA\;A’B,&OO 18,000 x 0:86x |3§ = 0-08/@ Voe g/s »fe"ce

?.



WAR DEPARTMENT
U. S. ENGINEER OFFICE, PROVIDENCE, R. L Page7-10

Subject _ﬁhpm Sreciuce - BaeM RR- Mocthampton Dike

Computation el Slab - Quter Sechion. .

4.8 GOVEAMMENT PRIN' TING OFFICE 3—10528

Azssvme +the entire end region canhlevered From wall.

Exth=8~ |25° too0¥
Gner = |15%(56= _RES

225 |25 228
] i )
I |
55
2140
655
2640

T |
b
1
845 /—fj Tl‘ﬂf
(70"

Moment on dikeside =
2 ) G "
Z

' = MA.A = 43)35_0 jgmxo ggx|35 RN Ei - Use %’ffé@f?ﬂ“co

On rmlroad snolc
M= 2 L (twrw) = LA = (axl‘“b YU70) = (3807« gp00 "k

As= P%:Jd ) w}w%glm"f"fﬁxﬁ‘S " 00870 use 'R

/q- /6



WAR DEPARTMENT

:5*_0 5d_r d—u | 1.8 mﬁé‘m OFFICE, PROVIDENCE, R. [:i_,b 'D kﬁ l’a.geé_'_.!_' AAAAAAA
P Y S P e e el K —
Computed by __ (AWM Checked by ........ A Date . 3-21-39 .

r“'l
. e
. e
I T o
— = e —
. e e __ ___4: ;_....._-_...,--j |
Elevation
o pE A T PP PR
| L b | ]
|| — = map—.
| N i L ||

Plan

For ste=| in wall see paae
f " “ bdfbe M Pna

The minimum wLemPem%-ur‘e reinforcing of "¢ bars

spaced (B" on centers s Yo be used where no
Stressed sted 135 indicated.

A- 1.



WAR DEPARTMENT

U. 5. ENGINEER OFFICE, PROVIDENCE, R. I, rage B 12,
Subj.cc__ﬁ‘i‘op I—-C‘% f;!h‘g cture- DM RR-. r*}or'l’hqmpi?m YVike
Compuatation _~ 700 .0 5.& ................................................ N
Comwtedby__“ oo, Chocked BY .o Date . 4= 3=3]
Simple bearn span = IS'S"G‘L
)fmum water hcad- & 8’3'@' o= yUse 683-06= 633
T
Benclmﬁ Moment= %Ji- = %LLS_S 1,860 = l*‘lE)UZSO
it .
Using  F-= M 1750 = HREL L r HRO00xE = 4.8
S E)"ZT 2% 1750
d= 64"

Next Iaﬁger stock size +mber 1z 73" thick—nominal= 8"
Vee (=8 5clcc+wh1+¢oak S45, creosoted.

= x 53x7] xlS = *
Hano]hna Wenah‘l' QQ‘_M_]%E_&;_H_. LS Per loq

Check ¢on ion@-\’udma} shear—

End shear= %: £:33x LRI x5S < 3070#
: c-

,ci3;97_0 = SI#/U" =~ - = -~ max allow = 15'&:#:/0”

LY
A 275

v:

|
rofes

End bearma @ 265*gn

\ 3070 = 3070 i
0= = i 5= 2= . £ 79 = |
Z £6 12t [2.x2.65

end bear ng-

add ‘o this 1" free Fﬂa)/ ané l/a" uncer+q:ﬂ~l7.
Width of bearma sorface = 1"+1"+1" as mimmum, = B3"

A-/2,



WAR DEPARTMENT
U. . ENGINEER OFFICE, PROVIDENCE, . L. ageﬂ’& _____
subject _2¥0p Log Dructhure- BaMRR- Ho.r‘i'hq meton Dike
Computation .. Conler Bracket

[
U. &, GOYERXMENT FRINTING OFFICE 3—10528

Assome the ﬁr‘mcnpai

Aimensions shdwn

Azssvume frf A +o have no moment.

Moment of wai-er“ “%l L= 625x b 33155 = S[)"]g—o
&

fre

Horizormtal ComPone-r)+ of strvt +hrost
, M . #
Rg= 2= 51,700/ 363 = 13,500 .
Strot dhrost= 1350072 = 19100

Bending moment 1n vertical beam.

¥ |
é-&beZf 3:!%?

B2 [

i x ¥ *
Canhlever moment = “"—g“ - "’“63 - 281 2 280" /5
2 #
s mnP'le: beam N\Omen*mz Lk ,S’S+3 xlz-5x 363 5,6541{—#: 4800 n /

#
' -- C e é(‘ag)xeasxzoo = 1oso " /5

2-£3.
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WAR DEPARTMENT
U, S. ENGINEER OFFICE, PROVIDENCE, R. L
ooy Dike

subject 0P beg Structure ~ Bac™M RR- MNartham
Computation ..__....7.... Center Brackel . )
Computedby (AN . Checkedby .. e Date .__. 42739
OF‘ 5,}% ” U. 3. GOYEAMMENT PRINTENG OFFICK 3—10528
Beﬂclmﬂ Mo ment D1aﬂrqﬁ\

15'% x ynvt valves on
previous page

1g]
- 52,50

‘Eea]umed Section Madulys
. M _ &J,UG‘O"* = A w?
== £ 000 ¥or 48

Cheice of bean—- Verhcal beam
facdsrs in +his case are +he

The acovernin
dimensions ot +he [oas v be vsed-
Realunred depth of sechon = @h&p‘rh of ]oq +Flan§e= 8=
f Piqmje width ‘:beearmsu it wed = 5"+ =
ese a lO'li beam (clear ciep‘Hq-—.' lO”"‘&\‘E\"” =9”>
IO' P[an%e Cbeannq{lo—‘/;,)+&‘= 4‘:7'_”-)
——~—0'cg 49%
Choice of beam- mclined strvt -
Length = 3:¥3xf2 = 5:4'= (5"
Dc:?l)r‘eable (L) rato = 80 e _fé%-_ 08
Try an 8" 184% ~- = 0'84 ; A= 534 .
AHowablc £= iSJU'U'O/|+i_§JLE_;DT):— = 13,400 /o Held
voe 8 184% An std

Fz l%,lO'O___ 3}60_0#/0,’ _— e

AC‘*-UO l 51 3 _‘1



WAR DEPARTMENT

L. 5. ENGINEER OFFICE, PROVIDENCE, R. I, ragd?-15

Subject :ﬁvpbgjﬁruckurﬁ“ﬁ&ﬂ%*Har‘fbamp&'mﬂkc _______________________
Computation SAner Qﬁﬁ.-PJ.Dnﬁ.__-.'t__-..f?_'.s_?._]O._L_Qg_l'StQ.l:.ft-..._.._...._..“.-.._.-.--...__-____-.....___..-_.__._____-._“H‘ .
Computed by . CANGH,... ... . Checkedby ..~ .. Date 43 -34

\

Check on vphft on barrier dve +o overturning

Water £ S
Lload o @

* g,
%

The downward Eul{ on the beam must equal the vertical
comPoncn—F of¥he strut thrust

19,100 x I2 = 13,;500%

Use two pins "{'hFOUﬂh '?|an%es of T beam—
all. shear = P/A

12,000 —:_/Laéssz)/A A=056"" d= 75" pin
Design ot ﬁvpLog Roist Frame 30
A=ssume one half of one laﬁ [
as load- " }

225/, = 115 -
0 [l
Bendma] momerdt = [[5§%30 = 3450 *

’Tr‘/\/ a Eé" " WIL Fl e - diameters = 2875 and 2469

203

Area="T x ¢ G{’%E-&?‘I—-Ev%ﬂ) = |70 o
e
4
T=0049(4*d") =0 049211 = 152"
-F=-}$+ ”Jf = %_7'5_ + 3__.__“_-‘15?“5"4‘*= b7 + 3300 = 3370 Yar

2453



APPENDIX "a"

SECTION "B"

STRUCTURAL COMPUTATIONS FOR BIGHWAY STOP-LOG
STRUCTURE AT RQUIE 5, WORTHAMPTON, MASS.



WAR DEPARTMENT
U. S. ENGINEER OFFICE, PROVIDENCE, R. L PageBA:_.lL .....

subject .o r -Hrm rnf'i-o n-. S, F Lac;} ___________ 1 3 !ua v ¥

Computation .. meﬂ OGS
Computed by .. AN Checked bY o Date _.. _:LS.-.S_‘;[ _________________________

. GOVEAMMENTY PRINYING OFFICE 3—I10838

Landsde

iL4s’ "‘[

|04
. 504¢
/7’374//1/;7/? %’// a/ 5; ff'zxc:/wez

- 4-3 e

\ | \Iﬂ
\. I m
\ | o
|
) T
| . _.
3 ,
od
od

1448

Kiverside
| .



WAR DEPARTMENT

U. 5. ENGINEER OFFICE, PROVIDENCE, R. L. Pageid " A
subject . lorthampton~ . S .-JmPLa . thahway *5
Computation -.,Djmﬁ]ﬁﬁlﬂ.n S SV J ........ / ........
Computed by _. QAII%'W - Checked by ... ....‘_A,,,,,,ﬁ,,,h.m.,,.‘,.ﬁ..-.(.- Date _____ 2-23239 .

Dikeside ' Hnghway side

——io'{:.—-& 154" ]
///@//f‘é L S ’ i{:‘\;‘-\? L L A
]
iy ‘{;3
— 275 Y
I p— g ®
0 -
o
(3] /,
.\:P g N
o ~1
-~ v
7 S, 5’,3'/ . I \
v J
/.A’/_{ _.‘ [ i
\ |
. " z
) © '
“ i Lo 7o' - 30" ]
+ V% [ 1
| —
. o
.(.‘lul
B
S
L S~— Lo _
,Q',‘,H’ ot
H-o" - >




WAR DEPARTMENT

U. . ENGINEER OFFICE, PROVIDENCE, R. L.

subject _Noriham n‘h) n Shm Loa,. Hia

Page &5.'_ 3_ _______

hway. *5

Computation __ Load lnc\:j\s‘:‘_’Ca;\cL ,,,,,,, Ri\[ 1 Sudé &1 l/ K@Cﬁd@d e e
Computed by (B~ Checked by ..o Date ﬁ_,,Z:Z;?:}_;? ________________________
\ U.5. GOYERNMENT FIIHT“‘UIOP"C! B—10538
| £a rth and
Concrete
Dikesicde - HISth/S\ClC,
3
T
SN AR
e t
EC1 .
£ ey
Y| e
¢ }
T <[ - S _ \_\__E‘f_l K
MomenT
Center ! 1 j
H)/d restahc
U Pl )
UJ
| g FF
zv= 3,900 et
|
—*—‘ 4’
zero Effectve
: Bearing Pressure
| 1800%/5+

5-3,



WAR DEPARTMENT

U 5. ENGINEKR OFFICE, PROVIDENCE, R. I. Page &4 .
subject . Donthampten~ Stoo loa~ MHiahway ¥4 ,
Computation -..&Q.bl RRAY A QnJﬁ re =iy’ C‘\T‘U I é é;J ,A.,Pﬁ 2. CazeT e _
Computeaby T / Checked by DA~ ate _2L.3234
\ (w U U.8. GAYEFRNMENT PIIH‘I’IH‘H QFFICE —lo538

Siace the difference 1n +he unit Wela\ﬁ‘f) of cencrete and

carth is small) +he bothersome batters “of +he wall have been
he%\cch-:d Th:: error due Yo this 13 neﬂlrglbe

toad]l Dimensions ##| Vertcals~  |bs | Horizontals— lbs | Lever |Moments  £-lbs
Height> Weddhedd WE |+ ¥ — 4 e e | e e 7t [ A = A
C, |823xp5x 46 |150 |¥ 85,200 785 | 617,100
éxs-avax 18 [i50 Y 16,700 725 \el, o0
g2 4x22s [ 150 ¥ 20,300 728 151,500 |
G |Hxebxs0€  |150|v 77,600 725 | 5Lz o0
Cy |Boxl)oxs50-5 1150 |(a(,, 760 _ 55 116300
C [41xeaxa2s PFasle 1) 260 - 9.88 | 12,400
Cs |exlox88x30  [150 7, 650 425 | 32,50
C, {lox2s=50:5 150 {4, 000 9.75 [325‘60
G |8ixeoxz3  [Fes|Y EBOO 40 n)zoa
bepoxssxpt (*25 Y 1,150 20 2,300
G |losxees<2s [Fe5| 4,100 3| 1z,700
E 1790x=¢5< 4l |125) 295300 | 325 | 1B
3 Thoxbsx 18 | 125 v 5'7}50”0 325 187,900
3 74x brSeens] |25 v 72,200 328 23400
4ixb0x50'5 | IR5 ) |S5,800 30 | 465,900
Eg [Ix25=806 | 125\ 44,700 975 | 630,800
pEL -‘EX!'SOX.I'.‘::?‘O"IO 80 v Goobo 400 | 360000
'—5-255 gk 102" 118 | 89 v 87300 387 318500
M.-..A‘.o;s 54 1_42;(:::, *2es| BO Y loo see 3.87 587 oo
=132 |Rg [5=6ix &\ <505| 80 v 75100 | 136 loz, 1o
& 073
U | blxltoxs08 |25 B, 800 55 164 950
Z | Arthm 879 616; 2B0S50| 272 300| 75,100 5,470,400 1 964 500
Algebraic Z¥= 42 pLo L= 19] 2eg M .3}50\;5%
F|0-45% 499060 : 224,700 | zero
z V5199, 0k0 ZHy = 20 ZMg=3,505 960
3052
¢ | meb 7 O3
e - 103 /513
‘._ / 2, -
p || 4 s 898 £ 183 1544 Vo | € B X /7= 153 e B4
T 605 i / I(* re I'l" 1 l'l"h L “ +h L .
presents [the excgss over|the digplaced weight

L



WAR DEPARTMENT

U. 5. ENGINEER OFFICE, Pnownmcn, R.L Page 5’5 _____
Subject HQFJ(hO”lfD‘\’Oﬂ - 5‘\'00 oo~ hwav W '
Computation Desian. ot Wall Steel~ Cé%ﬂ—raj ectlon .
Computed by .. CURW . Checkea BY oo Date Z2724-3% .
\

Case T —Canhlever (51mPle) - Dikeside Face

Dikeside H "fg_
x| |« &
1 we
P —Ii
— b Y 1= h
3
w2
3 PEK
" 2 o J_ B L
Bend.Moment Force imenslons : Momerrt - £+ lbs
at h WH + | =
%% | 7 |Fp {5xBxE go | |ooo |67 670
%Y A | B —éﬂ.q,x'z-i Bo | 2500 263 6,600
-2 |0 |Ru|ixizeiz 80| 5,760 40 | 2.3,600
Pee |22 4rix4) 80 75 1 137 425
35,085 | 7-22,01¢
[k 4, _ Mfﬂ e _ . _ .
Balance:d e ﬁ ];K :; = ‘?_3 (%vlo)m; o= 800, nv\L)
r‘)xl'f_, .
= = ~0'88x
Acer ﬁ\)a{ ' |sowxosa>=d la,oaaxo-aa %\L de V2088~
Sectignql Theoret *d* | Sugphed d | Steel Areq v  F s Ft  Bond .
_ N ] a" do_’,_r a7 M/dx Ag" V/'OJC‘ Bar UT_V/&\J
1670 e
e Y% 3 |4 |zo-4 |16 | '\ Joos| 1000 b | %P | s
Wy (6% |7 |24 | 18 6600/ e locs| zs00 | 13 | %P | g8
22 [ es |32 %0-4 | 20 | ¥ e Jou7| s0es | 18 /| 78




WAR DEPARTMENT
U. 5. ENGINEER OFFICE, PROVIDENCE, . I.
~ Hiahway #5

subject . Northam '.1‘:.@_0__:-.5;{‘9_9_._].,0_

Compnutation .. DES n__o_:E___Y_\[gll.__&\:_c—:g_:___%ui%r

Checked by

Pageé:_é__-_.

Section - Wall Height o'

4 11

1 i
| g
Dikeside T Hsahwafslde o :@
(L §
® e i v TL
L % (. £
—— |‘§: 8 ¥
Fel. J 'Z% IV’ w
| ¥
-I'L a0 o-z_n 04 otla had
As 0 " U
Bend - Mom Force "Ibs Force lbs | Lever!| Moment- £ lbs
Sacten] h {Symb] Uimensions Wty - — =— | Aren |+ 7 A
x-x lar|r, [4x49x49 (80| 400 63 | 1560
2-2 | 00| By |5% 10%%0 80| B240 30 | 9750
Pee | 3741 <} 80 670 | |37 | qzo
R 2570 8830
At _f‘_’lﬁ___ M’#_’"Z- - _m[‘ﬂ_{ = ' = ‘ =
Ba\qnc,eci d YKb ylm L (% 18,600 , £, = 800 n=12.)
. Mu B ‘-Ml#xi?_ - V2 ™M - , wd
As fjd  Timcoxomixd  1§uomces " d byd~ i2xo:28
Sechpn| Theoret, 'd” | Suppled "d" | Steel Area v A= Bond
Y [ deam [ d [ Mg« [ AS V/byd | Bac u=%7;a
H #/nu Hln
\Sto o
K ey | 4 {z2-4 | 18| """ / 15 {ook] 960 g 57; 2
-z (88912 |84 | 30-4 | 26 885 % 6 |ozo| 2570 o | % | 5




" WAR DEPARTMENT

U. S. ENGINFER OFFICE, PROVIDENCE, R. L pagﬁ.'_z _____
Subject Hor-H‘namD‘ﬁn - Seop Log = Hiohway *5
Computation . Base Stee |- mc?,bvm <ide 4 .
Computed by .. CABM ... Cheteeatly \ON - pate .. Lo24-37
o : V}Jeah‘l’
Dikeside ]
d'-'— 18
rs - 1
I I
) ! i
] A / o
Vol ft 380" = ¢ Use minimum of 55@!2
_:l’_ P 1 in both ’?acc%/
RERRINS
l'@?»é%' M:ﬁ Y Tedq Yo’
k] ]
— 1
Sechon Forces | Forces- lbs | Lever | Momerts-  H-lbs
| Dimensions wti4+ ¢ — A Arm |+ Y — FN i
£ |49x 25 \25 |+ 280 128 te00
c |30%xp5 12§ | 940 125 | 1180
U | bl x5 L5 v 950 | 25 1190
b, | 1238225 © 3095 | 128 3870
b, [3x4Ckps V. 500 167 840
Theoett Z 2220 4540 . 7780 5400
" zvd z3wo*4 ZM=3010 /
3owxlz - 485 Supplied 8"
Bal "= i = Yaeerk - 445 Sopphe
- 3010'(1& - l ulf ' 5‘ ué
As- ?s\')d w]owxmxlﬁ 013 Use minimom of /5 @IZ"cc.
- . Mo, _E320 . L #[ge | v 1320 .
V= 27207 MR T Iz VL‘ZJC‘ ol 17 /o
Fmbedment « _fiAs . _1Booox 0% 19"

VE |56 119k é-7.



WAR DEPARTMENT

L4

U. . ENGINEER OFFICE, PROVIDENCE, R. L Page -8
subject . orthampion: Step.beg . Highway #£

Computation. Posc Slab~ Steel in_Okeside -/ . e -
Computed by . CABM . Checkedby PN, . .. Date..B=24-39. .

Earth- center= 1z2te”

Earthlt [Concrette edaea = 3ol

Y
Dikesicle H:ghwa)/mdc
A 8

Lagotrs (ot

§
Voaa ™/a
¥
Forces Forces ~ \bs | |aor | Momerda- £ 1bs |
Symb| Dimensians Wil ¥ ) Arm |+ ] —
Vomends-Al © | zoxzo0 iso! 460 s 1350
U [eix30 615 40 | 5 1720
BP |Ax408x30 eiD | O L0
" i5Ar 3 e l.& L90
at center| E | 12:0%30 2§’ | 4s00 | 1§ 6750 1
| Te 3150 5086
ot ovtside| By | 30x 30 izs| 1128 g |30
o | oS 20"
Moments B | C. | 20% 60 50| 800 %30 5400
U |elxbo s 2290 | 30 LBLO
87 | $181%¢0 2o | Be | 9843
atcenter | EL | 120x b0 125 9060 30 27,’0@\
Ze 5bro 1O 000
arovtade| E, | 30x60 128 2250 30 7150
Yo i1 30 260 8- &




WAR DEPARTMENT

U. 8. ENGINEER OFFICE, PROVIDENCE, R. I Page@,_’g S
subject . Northam r)+on~ op leg— HighWav*S
Computation . Base Slab= Steel in Okesds? 0
Computed by ... (AWM. . Checked by }1& ) Date ... 2.-Z%=31
\ U.4.GOVERHNMENT PRINTING -ﬂFFICE 10528
g M'“* , R . - .
Balanced 'd yKb yla:s 1%=I8}0‘00>ﬁ»80‘o, n=1z
M xi?_ N ‘
As= 'Fy‘ |eavvx085xd lmm“ d by~ 12086195 206
Thegret "d" | Supphied &' Steel Arca |- v Y= Bond
v | d"{do2as]| d" | ™/a ~ AL Vrd | Bar vV
5080 5085 #* #fye| Gle'ee #
Aol 705 b8 24-4819:5| 2B s |ore| 390 ¥ 11 | B 95
Brceren 15" 2s |12 24- 48| 19.6| 27°° s o7]! so8o +| 21 "? | 94
Aooted Yoz | = [24-a5]ms| Pias |~ | 1es 4| — | gé| -
. .0 \ .
Brobter zt"/1:13. - |24-45 (115 "“"0/1‘1'5 -——! 1120t 7 %*f -
Sinee the earth lead varies lnear a(onq- +he waH)
the moment ot 8" will alse vary hinéarl '
Fiverside Land side
<= 10" =5 o 1667 "—3>—|—z4k' 8 | .
ro J0P "7 oo U
3/4 %u 006 M
5t Stee! Curve 1 ¢ o-04 |4
All ac,mgs for B- Center, | ooz I%_"
@ 2% - 600
@02 Lg
7;95 004 :g
i

'leha’H-n b&h&cﬁ

These baes
extend enhre
l-* %"@:‘é&—l

“This steel from aqbove ALW

8.2
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